The study included 172 patients, aged 0-15 years, for whom at least 1 nonfecal, nonurinary specimen was culture-positive for nontyphoidal Salmonella. Ninety-five percent had positive blood cultures. Immunocompromising diseases were found in 19% of 74 infants and 77% of 98 children. Associations between the study factors and outcomes, as localized infection or death, were assessed by logistic regression analysis. Thirty-three patients had localized infections. An adjusted risk factor for development of localized infections was an age of !12 months ( ). There were 17 deaths. The case-fatality rates were 43% and 10% for immunocom-P = .003 promised and 5% and 0% for nonimmunocompromised infants and children, respectively. Adjusted risk factors for death were age of !12 months ( ), inappropriate antimicrobial P = .006 therapy ( ), meningitis or culture-proven pneumonia due to nontyphoidal Salmonella P = .014 ( ), and immunocompromised status ( ). The clinical courses and prognoses for P = .004 P ! .001 infants and children with extraintestinal infection due to nontyphoidal Salmonella can be categorized into 4 groups according to the characteristics of age (infants vs. children) and host status (immunocompromised vs. nonimmunocompromised).
Infection with nontyphoidal Salmonella in infants and children commonly produces self-limited diarrhea. It occasionally results in extraintestinal infection, especially bacteremia with or without localized infection. Among patients with nontyphoidal salmonellosis, the reported occurrence of bacteremia or extraintestinal infection varies from 2%-45% [1] . Localized infections, such as meningitis, pneumonia, suppurative arthritis, and osteomyelitis, may develop and result in serious sequelae [1] . Case-fatality rates for extraintestinal infection due to nontyphoidal Salmonella in previous reports vary from 0%-66% [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Antimicrobial therapy for Salmonella diarrhea has been proved ineffective but prolongs carrier states and causes antimicrobial resistance [13] .
Because severe complications of extraintestinal infection due to nontyphoidal Salmonella can occur, it is sometimes difficult to decide whether to give antimicrobial drugs to patients with suspected or proved nontyphoidal Salmonella diarrhea. Information about predictors and risks for development of these unfavorable outcomes will be helpful for making better decisions about antimicrobial therapy. Previous descriptive [2-4, 7, 9-12] and comparative studies [5, 6, 8] of children and adults showed that possible risk factors for death in cases of extraintestinal infection due to nontyphoidal Salmonella include extreme age, underlying disease, the presence of certain Salmo-nella serovars, septic shock, and coma. There have been no comparative studies of infants and children concerning outcomes of extraintestinal infection due to nontyphoidal Salmonella.
The objective of this study was to describe the prognosis of extraintestinal infection due to nontyphoidal Salmonella in relation to proposed prognostic factors in infants and children in Thailand. Using multivariable statistical techniques to adjust for differences among patients, we assessed the risks and significance of potential risk factors for the development of localized infections or occurrence of death in infants and children with extraintestinal infection due to nontyphoidal Salmonella. A clinical and prognostic categorization of extraintestinal infection due to nontyphoidal Salmonella in infants and children is proposed.
Patients and Methods
Patients. Ramathibodi Hospital is an 800-bed medical school hospital in Bangkok that is considered a referral center as well as a primary care facility. All infants and children aged 0-15 years who were treated at this hospital during 1978-1994 and had at least 1 nonfecal culture positive for Salmonella species other than Salmonella typhi and Salmonella paratyphi were considered eligible. Since urinary tract and subcutaneous tissue infection can occur from direct inoculation, those with positive urine cultures or subcutaneous tissue infections without nontyphoidal Salmonella bacteremia or any other internal organ infections were excluded. The patients were identified by review of the log book and computerized records of the hospital microbiology laboratory. The medical records for these patients were then reviewed, and information was extracted. Bacteriology. Salmonella strains were isolated and identified from clinical specimens by standard methods in the clinical microbiology laboratory at Ramathibodi Hospital. Serovar identification was performed at the World Health Organization Salmonella and Shigella Center (National Institute of Health, Department of Medical Sciences, Ministry of Public Health, Nothaburi). Flagella antigens were determined with the use of cultures on swarm-agar plates and the Gard technique, and the strains were classified into serovars according to the Kauffmann-White antigenic scheme [14] .
Definitions. The infections were considered nosocomial when they occurred after the third day of hospitalization. The degree of malnutrition was determined on the basis of the Gomez criteria, with comparison of the child's weight for age to the standard of weight for age for Thai children [15] . Third-degree malnutrition was considered to be severe. Patients' deaths were attributed to extraintestinal infection due to nontyphoidal Salmonella if cultures were positive at the time of death or if death occurred within the first 14 days of documented infection without any other explanation.
Appropriateness of antimicrobial therapy was determined for the first 3 days of extraintestinal infection due to nontyphoidal Salmonella. Appropriate antimicrobial therapy included administration of cotrimoxazole, ampicillin or amoxicillin, chloramphenicol, gentamicin, amikacin, cefotaxime, ceftriaxone, ciprofloxacin, or imipenem if the organism was susceptible to the drug in vitro. Inappropriate antimicrobial therapy included use of a regimen without any appropriate drug, no antimicrobial therapy, or a drug to which the causative organism was resistant.
Analysis. The study outcomes of interest were meningitis, any localized infections, and death. Fisher's exact test was used for comparison of proportions when at least 1 expected cell value was !5; otherwise, the uncorrected x 2 test was used, and P values of р.05 were considered significant. The ORs and their 95% CIs were calculated as described by Schlesselmann [16] . A relative risk of death of 1 was arbitrarily assigned to the lowest risk category with each variable studied. Estimates (with their approximate 95% CIs) of the association between potential risk factors and the subsequent development of the study outcomes were adjusted for the effects of variables that might have confounded these associations, by means of logistic regression. The statistical significance of the estimates was assessed with maximum-likelihood x 2 tests. Stata statistical software was used for all calculations [17] .
Results
Clinical characteristics of patients. One hundred seventytwo patients were eligible for the study (table 1). The positive specimens included blood (163), CSF (21), subdural fluid (7), urine (12) , joint fluid (3), pus (4), tracheal suction (4), and pleural fluid (2) . Fourteen (19%) of 74 infants and 76 (78%) of 98 children, for a total of 90 (52%) of the 172 study patients, had immunocompromising conditions. The most common underlying illness in infants with immunocompromising conditions was severe malnutrition (6/14) that was a consequence of congenital heart disease or chronic pulmonary disease, whereas malignancy contributed to infection for 31 (41%) of the 76 patients aged 11 year who had such conditions, followed by severe malnutrition secondary to chronic illnesses, thalassemia, and systemic lupus erythematosus. No human immunodeficiency virus (HIV)-infected infants and children with extraintestinal infection due to nontyphoidal Salmonella were treated at this hospital during the study period.
Salmonella infection. Characteristics of 172 episodes of extraintestinal salmonellosis are presented in table 2. In 22% (38/ 172), the disease manifested itself during hospitalization. Ninety-five percent (163/172) had positive blood cultures. One hundred forty patients had bacteremia without localized infections, 23 had bacteremia and at least one internal organ infection, and 9 had localized infection with negative blood culture at the time of investigation. These 9 patients had meningitis, suppurative arthritis, or osteomyelitis, which could not occur without bloodstream invasion. These patients' negative blood culture results could be accounted for by delayed growth of Salmonella and the fact that the final culture reports (at 7-10 days) were not available in the records, or perhaps the blood culture specimens were obtained after an effective antibacterial drug had been administered because of extreme sickness.
Seventy-three percent of the patients did not have diarrhea when extraintestinal infection was diagnosed. Prevalence of diarrhea was not significantly different between immunocompromised and nonimmunocompromised patients (24% vs. 30%; x 2 test, ). Diarrhea was more common among infants P = .374 than among children, with the percentage being about twice as much in both groups (43% vs. 21% [immunocompromised] and 37% vs. 14% [nonimmunocompromised] ).
The peripheral WBC counts of those with immunocompromising illnesses widely varied and were partly affected by the underlying diseases. Eighty-eight percent of infants who had no underlying illness had leukocytosis, and those with WBC counts !10,000/mm 3 were generally very sick. Nonimmunocompromised children had nonsevere illness with slightly low WBC counts to mild leukocytosis.
Causative Salmonella serovars. Salmonella typhimurium was the predominant serovar (32% of episodes) for the study period as a whole (table 2) . However, different serovars predominated during different periods: from 1978-1982, Salmonella krefeld (11/49 episodes); from 1983-1990, S. typhimurium (30/83); and from 1991-1994, Salmonella enteritidis (18/40). Although S. typhimurium and S. enteritidis were the most common causes of infections in immunocompromised patients (75%), Salmonella choleraesuis was the cause of infections in 68% of nonimmunocompromised children. All 15 patients infected with S. krefeld were infants, of whom 7 were neonates. These S. krefeld infections occurred during the nationwide spread of intestinal infection with this organism, not as a cluster of cases.
Localized infections. Thirty-four patients (20%) had localized infections (table 2) , not including urinary tract infection: meningitis (21), pneumonia with or without pleural empyema (6), suppurative arthritis or osteomyelitis (6) , and pancreatic abscess (1). All 21 patients with meningitis were aged 0-7 months ( , months) and had no underlying mean ‫ע‬ SD 3.5 ‫ע‬ 1.7 disease. Sixty percent (13/22) of the nonimmunocompromised children had transient bacteremia, and others had typhoid-like illness or uncomplicated bacteremia.
Deaths. There were 17 deaths (table 2) . The overall crude case-fatality rate was 10% (95% CI, 6-15). Group fatality rates were 43% (95% CI, 18-71) and 10% (95% CI, 5-20) for immunocompromised infants and children and 5% (95% CI, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and 0% (95% CI, 0-15) for nonimmunocompromised infants and children, respectively. Fourteen (88%) of the patients who died had immunocompromising illnesses, and 3 of them also had culture-proven pneumonia. The other 3 patients who died did not have any underlying illness and were infants (aged 1.5, 2, and 5 months) who had nontyphoidal Salmonella meningitis.
Risks and risk factors for localized infections or deaths: univariate analysis.
Localized infections occurred in 27 (36%) of 74 infants and 7 (7%) of 98 children. Proportions of patients for whom the outcome was fatal, as related to potential risk factors, are shown in table 3. Univariate analysis demonstrated that there were statistically significant differences in certain factors associated with death: immunocompromised status, inappropriate antibiotic therapy, and hospital-associated episodes. There was no significant difference in case-fatality rates between the early study period (1978) (1979) (1980) (1981) (1982) (1983) ) and the late study period (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) , when second-and third-generation cephalosporins were used to treat this condition in Thailand. There was a higher case-fatality rate among the patients infected with S. krefeld or S. typhimurium than among those infected with other serovars, but the numbers were too small to make any conclusion.
Risk factors: multivariate analysis. Patients' characteristics, including age younger than 6 or 12 months, no diarrhea, and immunocompromised status, were used as the study risk variables in the multivariable models for prediction of the development of meningitis and other localized infections. Age !6 months was used for prediction of meningitis; because no patient was older than 12 months, an age of 12 months could not be used as the cutoff point for analysis. ORs and their 95% Age of !12 months, no occurrence of diarrhea, immunocompromised status, occurrence of meningitis or pneumonia, and inappropriate antimicrobial therapy were used as independent variables for prediction of death. Estimated parameters of the selected predictors of death in a logistic regression model are presented in table 4. The variables measured in relation to the risk of death included an age of !12 months (OR, 7.00; 95% CI, 1.75-27.94), inappropriate antimicrobial therapy (OR, 7.13; 95% CI, 1.49-34.18), presence of meningitis or pneumonia (OR, 11.59; 95% CI, 2.16-62.09), and immunocompromised status (OR, 54.94; 95% CI, 7.12-423.75). Nonoccurrence of diarrhea or being infected with S. typhimurium or S. krefeld (which seemed to cause high crude fatality rates) was not a risk factor for death, according to the logistic regression model.
Discussion
This study suggests that patients with extraintestinal infection due to nontyphoidal Salmonella can be categorized into 4 clinical and prognostic groups according to age (infants vs. children) and host status (immunocompromised vs. nonimmunocompromised), as shown in table 5. The highest case-fatality rate occurred among immunocompromised infants; the rates were lower for immunocompromised children and nonimmunocompromised infants, and no deaths occurred among nonimmunocompromised children. Infants also had the highest risk for development of meningitis and other detectable focal infections. Nonimmunocompromised children had the mildest clinical courses.
A previous report from our hospital concerning Thai infants and children suggested that these 2 variables (infant age group and immunocompromised status) were also risk factors for development of extraintestinal infection due to nontyphoidal Salmonella in infants and children with nontyphoidal Salmonella diarrhea [18] . It was unexpectedly observed that risks for extraintestinal nontyphoidal Salmonella invasion and risks for death were very similar in each prognostic group for patients seen at the same hospital.
Scattered information has been available from descriptive studies and a few comparative studies concerning the clinical course and prognosis of extraintestinal nontyphoidal Salmonella disease [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Reports usually have suggested that casefatality rates are higher in association with extreme ages and underlying diseases. Other factors studied have been causative Salmonella serovars, adequacy of treatment, and gastrointestinal symptoms. Small case series involving infants and children revealed that high case-fatality rates occurred among infants aged !6 months, especially those with meningitis [10] [11] [12] .
Galofré et al. [5] , reporting on risk of death for 172 adults with Salmonella bacteremia in Spain, noted that the variables associated with death were septic shock, coma, and immunosuppression but not age. About 70% of the patients were immunosuppressed. Effect of extreme age on the outcome might not be detected without a sufficient sample size and adjustment for immunosuppression. No association between septic metastatic foci and death was found, but their adult populations did not have meningitis.
Lee et al. [6] also reported a comparative study of 64 children and adults with non-typhi Salmonella bacteremia in the Republic of China. They compared the findings in different age groups: !6 months, 6 months-5 years, and 18-81 years. Eightyseven percent of adults were immunodeficient, whereas none of the infants and children were. There were no deaths among infants and children, but 40% of the adults died. The investigators concluded that the disease was much more life threatening in adults than in children, but there was no adjustment for immunocompromised status.
Cherubin et al. [7] reviewed 412 children and adults with septicemia from nontyphoidal Salmonella in New York City during 1962-1971. The reported case-fatality rate was 13.3% (55/412). All except 5 fatal cases involved underlying disease. The 5 deaths without underlying disease were of patients of extreme ages: 4 were !6 months of age, and 1 was 170 years of age. The 3 patients with meningitis were aged !1 year. The study suggested that the patients could be divided into 2 etiologic and prognostic groups. The first comprised children who had no underlying disease and adults with minor chronic medical conditions who developed bacteremia as a consequence of gastroenteritis. The bacteremia in this group appeared to be brief and relatively innocuous. Other adult patients had underlying disease and true septicemia, and they seemed to rarely have gastrointestinal symptoms.
Ramos et al. [8] noted in a comparative study of patients with bacteremia due to nontyphoidal Salmonella that there were more deaths in the group without preceding diarrhea (18 [35%] of 51) than in the group with preceding diarrhea (5 [9%] of 58). The fatality rates were not adjusted for age or underlying disease but all fatal cases of primary bacteremia involved significant underlying disease.
It was found in this study that diarrhea was more common in infants than in children among both immunocompromised and nonimmunocompromised patients. Meningitis, which is a risk factor for death, occurred more frequently in patients who did not have diarrhea than in those who did, but it was not statistically detectable as a risk factor for death.
The difference of Salmonella serovars was reported as being associated with invasiveness and case-fatality rates [4, 7, 18, [19] [20] [21] . Wong et al. [19] recently proposed 3 groups of extraintestinal infection due to nontyphoidal Salmonella by their different invasive potentials: high, moderate, and low. The present report showed predominance of certain serovars in each of the prognostic groups: low-invasive S. krefeld in young infants, moderately invasive S. typhimurium and S. enteritidis in immunocompromised hosts and infants, and highly invasive S. choleraesuis in nonimmunocompromised children.
S. choleraesuis has been mentioned as one of the most invasive and virulent organisms [4, 7, 21] . In this study it was the nontyphoidal Salmonella serovar most commonly infecting previously normal hosts, but none of the 18 normal hosts and only 1 of 9 infected immunocompromised hosts died. The prognosis may not be related to the serovar but instead to the host immunity that it can invade.
It is therefore suggested that host parameters, including extreme age, immunosuppression, and severe underlying illness, are the important basic prognostic characteristics of patients with extraintestinal infection due to nontyphoidal Salmonella. More specific information was obtained from this report when statistical adjustment for the confounding variables was performed. Clinical parameters, such as presence of localized vital organ infection and other clinical signs and symptoms suggesting severity of illness, as well as treatment parameters, especially appropriateness of the antibiotic therapy, had additional effects on the prognosis.
Four clinical and prognostic groups of infants and children who have extraintestinal infection due to nontyphoidal Salmonella are proposed: infants with and without immunocompromised status and children with and without immunocompromised status. In reports of clinical findings and outcomes for infants and children with extraintestinal infection due to nontyphoidal Salmonella, the fact that the patients' are infants or immunocompromised, at least, should be presented. Since there were no HIV-infected patients in our study, the findings we have described may not be applicable to such a patient population.
